Aneurysmal bone cyst originating from the surface of the bone, either within the cortex or subperiosteally, is an uncommon anatomic subtype. This article reports the clinical and radiologic evaluations and treatment outcomes of 10 patients with surface aneurysmal bone cysts that were surgically treated between 1982 and 2014. Mean age at the time of surgery was 22.4 years (range, 11-44 years). According to Capanna's radiographic evaluation criteria, 6 of the lesions were classified as type V and 4 were classified as type IV. Radiographically, periosteal shell formation was observed to be complete in 4 patients, partial in 3, and absent in 3, and 6 patients had Codman's angle or buttress formation. In 1 patient, computed tomography scan showed birdcage-like ossification attached to the surface of bone. Magnetic resonance imaging showed fluid-fluid levels in 5 patients. All of the patients had standard curettage and high-speed burr application as an adjuvant. No patient had local recurrence at the end of the follow-up period of 98.4 months (range, 13-288 months). These findings show the importance of careful radiologic evaluation and biopsy to better plan a treatment strategy when surface aneurysmal bone cyst is included in the differential diagnosis. The finding of fluid-fluid levels on magnetic resonance imaging or computed tomography is not pathognomonic for primary aneurysmal bone cyst; however, the absence of this finding does not rule out the diagnosis. The rate of local recurrence after curettage plus high-speed burr is reasonably low, and other adjuvant procedures should be used whenever needed. [Orthopedics. 2016; 39(5):e897-e903.]
Aneurysmal bone cyst originating from the surface of the bone, either within the cortex or subperiosteally, is an uncommon anatomic subtype. Previously, these rare surface subtypes had been referred to as parosteal type in the radiologic classification of aneurysmal bone cysts. 12 In the radiographic classification developed by Capanna et al, 13 surface aneurysmal bone cysts were described as types IV and V. According to this classification, type IV lesions include subperiosteal forms that develop away from the bone so that the cortex is either intact or superficially eroded. Type V lesions develop both peripherally toward the periosteum and centrally toward the medulla so that the cortex is penetrated. 13 This retrospective study reports the clinical and radiologic evaluations and treatment outcomes of 10 histopathologically verified surface aneurysmal bone cysts.
Materials and Methods
This study retrospectively reviewed 120 patients who had complete medical records and were treated in the authors' department with a diagnosis of primary aneurysmal bone cyst between 1982 and 2014. All cysts were histopathologically verified with biopsy before surgery. Within this group, 10 (8.3%) cases (5 men, 5 women; mean age at surgery, 22.4 years; range, 11-44 years) of surface aneurysmal bone cyst classified as either type IV or type V according to the radiographic evaluation criteria described by Capanna et al 13 were identified and enrolled in the study.
All available radiologic studies (conventional radiography, magnetic resonance imaging [MRI] , and computed tomography [CT] scans) obtained before surgical management were reviewed. Localization of the lesions and the presence of any kind of periosteal reaction (periosteal shell formation, Codman's angle or buttress formation, or birdcage-like ossification) 4,11,14 on radiographs and fluid-fluid levels on MRI and CT scans were noted.
Lesions were graded as inactive, active, or aggressive according to the degree of periosteal shell formation. 13, 15, 16 Cysts with a radiographically well-defined sclerotic zone and a continuous peripheral periosteal shell were classified as inactive.
Cysts lacking a sclerotic zone with an incomplete periosteal shell were classified as active. Cysts with indefinite borders between the bone and the surrounding soft tissue without any periosteal shell were classified as aggressive. 15 Surgical interventions and histopathologic analyses of the materials obtained from the lesions were evaluated as well.
At the final follow-up examination, patients were asked whether they had a history of trauma in the extremity with the lesion before the surgical intervention. In addition, anteroposterior and lateral radiographs were obtained to identify local recurrence.
results
Mean follow-up was 98.4 months (median, 47.5 months; range, 13-288 months). None of the patients had a history of trauma or pathologic fracture in the affected extremity. Available imaging obtained before surgery included conventional radiographs in all patients, MRI in 7 patients, and CT in 3 patients. Two patients were evaluated only with conventional radiographs. Radiologic evaluation showed that 9 of the surface aneurysmal bone cysts were located in the lower extremity (femur, 7; tibia, 2) and 1 was located in the upper extremity (humerus). Lesion location was diaphyseal in 6 cases and metaphyseal in 4 cases. According to the radiographic evaluation criteria of Capanna et al, 13 6 lesions were classified as type V and 4 were classified as type IV.
Periosteal reaction was evaluated radiographically. Periosteal shell formation was complete in 4 patients, partial in 3, and absent in 3 (Figure 1 ). Codman's angle or buttress formation was seen on the radiographs of 6 patients (Figure 2) . In 1 patient, CT scan showed birdcagelike ossification attached to the surface of bone (Figure 3) . In 5 patients, MRI showed fluid-fluid levels. No CT scans detected fluid-fluid levels. In 2 patients who underwent radiologic evaluation solely with conventional radiographs, evaluation 
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for fluid-fluid levels could not be accomplished. Patient demographics, imaging findings, and lesion localization and grade are shown in Table 1 . Surgical procedures included cyst excision with curettage in 4 patients, curettage and grafting with allograft bone in 3, curettage and grafting with allograft bone and prophylactic plate-screw fixation in 1, curettage and cementation in 1, and curettage, cementation, and prophylactic plate-screw fixation in 1. Intralesional extended curettage with a high-speed burr as an adjuvant therapy was performed in all patients, and the diagnosis of aneurysmal bone cyst was histopathologically verified in all cases. Data on surgical treatment and follow-up are shown in Table 2 . None of the patients had radiographic evidence of local recurrence at the end of the follow-up period.
discussion
Surface aneurysmal bone cyst is a rare anatomic subtype that accounts for 16% to 30.3% of all aneurysmal bone cysts. 4, 10, 13, 16 Type IV lesions are the least common subtype, 13, 17 with an incidence of 4.5% to 8%. 4, 10, 13, 16 Review of the authors' medical archive for the last 32 years showed 10 (8.3%) cases of surface aneurysmal bone cyst among 120 patients with aneurysmal bone cyst, and 4 (3.3%) of these were type IV lesions.
Capanna et al 18 asserted that the pathogenesis of primary aneurysmal bone cyst includes pseudotumoral development as the result of a local alteration in hemodynamics that leads to increased venous pressure and production of local hemorrhage, with consequent reactive osteolysis. This process either leads to advanced cortical destruction or progressively slows down and concludes with ossification of the cystic cavities. Mirra 19 defined pathologic evolution of this process in 4 radiographic phases. According to Mirra, 19 erosion of the cortex without reactive osteogenesis is the incipient phase, protrusion outside the bone with concomitant reactive osteogenesis is the middle phase, encapsulation of the tumor by a thick bone collar is the late phase, and formation of ossification within the cystic cavity is the healing phase.
Periosteal reactions observed throughout the radiographic phases may have various types, and 1 type is the formation of new periosteal bone in the peripheral zone of the lesion adjacent to the soft tissue. 4, 11 This reactive formation, also known as the periosteal shell, is an example of peculiar periosteal reaction. 20 Evolution of the shell is a consequence of synchronous new bone formation and cortical resorption, pointing to an active process that is slow enough to allow the development of periosteal reaction. Radiographically, periosteal shell in aneurysmal bone cyst can be complete, partial, or absent with respect to the invading speed toward soft tissue or the activity level of the lesion. 13, 16, 18 As the duration of formation increases, the shell becomes thicker. Aggressive aneurysmal bone cysts in which periosteal shell is absent may mimic malignant bone tumors radiographically. 18, 21 Another periosteal reaction that is similar to the periosteal shell is birdcage-like periosteal ossification. This reaction was shown with CT scan in 1 case report. 14 Codman's angle or buttress formation is a type of interrupted periosteal reaction in which tumor, pus, or hematoma pushes and lifts the periosteum off of the cortex and occasionally advances with a wedge of new bone formation at the lateral extraosseous zone. 20, 21 In the current study, 3 cases without periosteal shell formation were type IV lesions, whereas 6 of the 7 
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Copyright © SLACK inCorporAted n Feature Article cases with complete or partial shell formation were type V lesions and 1 was a type IV lesion. Of the 6 cases with Codman's angle or buttress formation, 5 were type V lesions and 3 of 4 cases lacking this formation were type IV lesions. The distribution of the periosteal reactions in the current study suggests that type IV lesions are much more aggressive than type V lesions and develop too quickly to allow Codman's angle or buttress formation. Therefore, a relatively wider area of lesion formation between the periosteum and the intramedullary canal may cause type V lesions to develop more slowly, allowing enough time for mineralization of the periosteal shell and restriction of activity. In 1 case, birdcage-like ossification that was not detected by radiographs or MRI was found incidentally with 3-dimensional CT. Therefore, CT, which is superior to MRI for visualizing depressions, defects, and protrusions in bone cortex 14 and for surgical planning by better defining the bony limits of the lesion, 14 ,17 also must be used. A typical radiologic feature of aneurysmal bone cysts is the finding of fluid-fluid levels on CT and MRI. 10, 17, 18, 22, 23 These levels are caused by layering of the breakdown products of hemorrhage within the cyst. 4 Fluid-fluid levels are detected with CT scan in 33% to 90% of aneurysmal bone cysts 10, 22, 24, 25 and with MRI in 20% to 100% of aneurysmal bone cysts. 10, 25, 26 The presence of fluid-fluid levels was reported as 0% to 100% with CT and MRI in case reports and limited case series of surface aneurysmal bone cysts. 3, 5, 8, 9, 11, 14 Maiya et al, 4 who reported a large case series of surface aneurysmal bone cysts, noted that fluid-fluid levels were identified in 78% of MRI, CT, or ultrasound studies. In this study, fluid-fluid levels was identified in 5 of 8 (63%) cases with MRI and CT. Leveling was found in 5 of 7 (71%) MRI scans and in none of the 3 CT scans. Fluid levels may not be detected by CT because movement can mix the fluids. Hudson 22 recommended that patients remain motionless for a time (and in that study, Hudson 22 had experienced this period in 1 of the patients as 10 minutes) to allow the fluid to settle and permit fluid levels to be viewed on CT. Although the incidence of fluid-fluid levels with MRI may alter with the stage of the lesion, 26 the importance of MRI in the radiologic diagnosis of aneurysmal bone cysts is incontrovertible.
Radiologic detection of a mass on the surface of a bone can be challenging (Figure 4A) , and the orthopedic surgeon may not consider the diagnosis or attempt further radiologic investigation if the initial radiographs are normal. In these circumstances, both radiologic and naturally pathologic diagnoses of lesions such as surface aneurysmal bone cysts may be easily overlooked. Occasionally, pain and swelling are the only symptoms. Further radiologic investigations should be attempted when lumps or bumps associated with clinical symptoms are noted (Figures 4B-C) .
The radiographic differential diagnosis of surface aneurysmal bone cyst includes n Feature Article periosteal chondroma, 27 periosteal ganglion, 28 ,29 subperiosteal giant cell reparative granuloma, 30 subperiosteal hemangioma, 31 subperiosteal osteoid osteoma, 32, 33 chondromyxoid fibroma, 34 posttraumatic cyst, 35 and telangiectatic osteosarcoma. 4, 14, 17 The use of fluid-fluid levels on MRI and CT to elucidate the differential diagnosis of aneurysmal bone cyst is not pathognomonic for primary aneurysmal bone cyst. 5, 17, 26 Besides primary aneurysmal bone cyst and telangiectatic osteosarcoma, which are the most common bone lesions containing fluid-fluid levels, fluidfluid levels may be seen with a variety of osseous lesions, such as giant cell tumor of bone, osteoblastoma, chondroblastoma, fibrous dysplasia, and chondromyxoid fibroma, and in soft tissue masses, such as hematoma, soft tissue hemangioma, arteriovenous malformation, periarticular calcinosis, soft tissue leiomyoma, clear cell hidradenoma, synovial sarcoma, and malignant fibrous histiocytoma. 17, 26, 36, 37 Because of differences in treatment modalities and prognosis, 17 the clinical and radiographic features other than fluidfluid levels must be used to differentiate primary aneurysmal bone cyst from telangiectatic osteosarcoma, and histopathologic analysis is needed.
3-5,14 Findings such as diversity in periosteal reactions, absence of fluid-fluid levels in some cases, and lack of diagnostic value of fluid-fluid levels, when detected, suggest that biopsy should be performed before any therapeutic surgery and that surgical management should be planned after histopathologic verification of aneurysmal bone cyst.
3,4,17
Intralesional curettage and grafting is the mainstay of surgical treatment of aneurysmal bone cyst, 5, 9, 10, 16, 17 in which spontaneous healing 38 or complete recovery after biopsy 10, 16 is not surprising but rare. Because the recurrence rate in the first 2 years after surgery is approximately 20%, 10, 13, 16 adjuvant treatments, such as cementation, cryotherapy, embolization, phenol, and high-speed burr, are commonly suggested. 5, 13, 16, 17, 39 Sclerotherapy, radionuclide ablation, radiation therapy, and denosumab are other treatment options. 13, 16, 17, 40 Younger patient age, open physes, active or aggressive lesions, lesions histologically containing predominant fibroblastic components vs osteoid components, and higher mitotic index have been implicated as risk factors for recurrence. 10, 13, 17 Compared with central lesions, surface aneurysmal bone cysts tend to recur less often, and hemiresection or partial resection and deep wall curettage with adjuvant phenol or liquid nitrogen are the suggested treatments.
3, 13, 16 Curettage with highspeed burr as an adjuvant was used as standard treatment in all of the current cases. No patient had local recurrence at the end of the follow-up period. The authors believe that curettage and high-speed burr must be used in the surgical treatment of all aneurysmal bone cysts. Additional procedures, such as filling the cavity either by grafting or cementation and prophylactic plate-screw fixation, may be used on an individual basis.
Limitations of the study include the small number of patients and the retrospective study design. However, the follow-up period was remarkably long for the diagnosis of surface aneurysmal bone cyst, which is a rare condition. Although the literature includes numerous case reports and a few case series of surface aneurysmal bone cysts, prospective studies with long follow-up periods are lacking. Careful radiologic evaluation with biopsy is needed to plan a treatment strategy when surface aneurysmal bone cyst is included in the differential diagnosis.
conclusion
Surface aneurysmal bone cyst must be kept in mind in the radiographic differential diagnosis of expansile lesions containing intralesional septae with well-defined margins expanding into cortical bone, causing erosion and frequently periosteal reaction, and located on the metaphysodiaphyseal surface of long bones. The finding of fluid-fluid levels on MRI or CT is not pathognomonic for primary aneurysmal bone cyst; however, the absence of this finding does not rule out the diagnosis. Aneurysmal bone cyst and telangiectatic osteosarcoma have similar radiologic appearances, and radiologic periosteal reaction must be evaluated carefully to understand the aggressiveness of the lesion. When surface or central aneurysmal bone cyst is included in the differential diagnosis, biopsy must be performed before definitive treatment. The rate of local recurrence is reasonably low after curettage followed by high-speed burr, and other adjuvant procedures should be used when needed. 
